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FAILUR: ™QOES EFFECTS ANALYSIS (FMEA) —- CRITICAL HARDWARE
. NUMBER: Ma-1@G-Lv0d45-X

SUBSYSTEM MAME: ELSCTRICAL FOWER AiNERATION - CRYD, GEMERIC
REVISION : 1 11/12/91

it 1 P et e —— -

PART NANE PART WUMBER
VYENDOR WAME YEXDOR NUMBER
g SR : SOLENQID VALVE, H2 GAS SUFPLY MC284.0429.37220
g EATON CONSOLIDATED CONTROLS 744058-4220
""""""""" PART DATA o TTTeTTmmeemmoeooees
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@ EXTENDED DESCRIFTION OF PART UNDER ANALYSIS:
SOLEAOID VALVE, H2 GAS SUPPLY

o REFERENCE DESTGMATORS:  10V45Lv045

w QUANTITY OF LIKE ITEMS: |
CNE PER YEHICLE

a FUNCTION; i
\ FEOVIDES CAPABILITY 7O SHUT OFF H2 GAS SUPPLY FRCM GSE TO FCP'S DURING

GROUND CPERATICNS.
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PAGL! Z PRINT DATZ: Z4/01/972 1113

NUMBER: W4-1BG-LYD4S.C)

. FATLURE MODES EFFECTS AMALYSIS (FMEA) —- CRITICAL FATLURE w0Df

Lo@a

REVISION# 11712731 R
SUBSYSTEM: ELECTRICAL PONER SENERATION - [RY0, GENER:C

CRITICALITY QF THIS
[TEM MAME: SJLINOID VALVE, K2 3A5 SUPFLY FAILURE MQDE:1R3

----------------------------------------------------------------------------

FAILURE MOOE:
FALLS ZFEN OR INTERNAL LEAKAGE

MISSION PHASE:

L7 LIFT-OFF
&0 CHLCRQET
o0 JE-CREIT
L5 LANDIRG SAFING

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 102  COLUMBIA
103 QISCOVERY
194 ATLANTIS
103 SHOEAYQOLR

CAUSE:
MICHANTCAL SRCCK, VIBRATION, CORRCSIGH, PHYSICAL BINDING/JAMMING,
CONTAMINATION, ELECTRICAL 2PEN OR SHGRT

CRITICALLTY 1/1 DURIMG INTACT ABORT OHLY? O

ke T o B o e e

EDUNDANCY SCREEN A} PASS
B} FAIL
£) Pass

PARS/FATL RATIOMALE:
A}

8)
ISCLATION CAPABILITY AND/OR POSITION OF VALVE ARE ROT VERIFIASLE IN
FLIGHT,

TR R TN ok ol ke T e o o - g WP e e e T L e e o ko o

{A) SUBSYSTEM:
NO EFFSCT AFTER FIRST FAILURE. THE K2 GAS SUPPLY DISCONNECT PROVIOES A
SECQOMGARY SEAL.
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FATLURE MODES EFFECTS ANALYSIS (FMEA) —- CRITICAL FAILURE MOQE
HUMBER: M4-1BG-L¥(45-01

.

a {B) INTERFACIMG SUBSYSTEM(S) :
1AME AS A,

@ (L) MISSTON:
SAIME A5 AL

a (D) CREW, VEHICLE, AND ELEMENT(S):
SAME AS A,

e (L) FUNCTIORAL CRITICALITY EFFELTS:
o3 sCOlTioNs. FILURE OF TFE GAS SUPPLY DISCOUNECT, FATLING 2SN, way
PESULT DN L2SS 3F SYSTEM FRESSURZ IF 5GTH MANIFOILD [SOLSTION YaLVES FALL
3 CLOSE. LOSS OF SYSTEM PRESSUREZ RESULTS IN LOSS OF ALL THREE FLEL
CELL POMERPLANTS (LDSS OF CREW/VEHICLE).

___-_-.-.-a———.----.-.-q.--__-————--...-_--_.....,_-_-_-_—-————--.-_—-.q..__-—-—-----.-._.--—————q.--—_—-.-—...

-__-.-.-.—_——-----—.-.,-.._-————.--q.-.-----—.--.-__-__——-——-|--l---|.-.|.--————----—.-.-...--————-—a-.--—.-_—-.--.-..._.-_

m (A) DESIGN:
“ALVE 1S MAGNETICALLY LATCHED OPEN. VALVE IS SPRING-LCADED CLASED. <o
MICAON 23S FILTER AT THE INLET, WVALVE CGNTAINS O SGFT GOCOS IN CONTACT
A1TH THE FLUID. MOVING PARTS ARE GOLO PLATEQ TO REDUCE FRICTION,
-JUSING [S CONSTRUCTED OF €AES 304 TO PREVENT CORROSION. ALL VALYE
CMPCHENTS ARE CCMPATIBLE WITH WORKING FLUIDS. YALVE IS WOUNTED WITH
3C0Y AXIS PERPENDICULAR TO VEHICLE X-AXIS TO MINIMIZE VIBRAT[GH EFFE-TS.
¢ALVE IS CESIENED TO CLOSE AT A MINIMUM OF 18 YOLTS (NCMINAL SREITE3
3US vOLTAGE 1S 28 YOLTS).

a {B) TEST: '
GUALIFICATIGN TEST VERIFIED NOSMAL OPERATION CURING SHCCK {20 5) AND
Z[BRATICN {0.1 G SQ/HZ MAXIMUM FANDOM, #/- 0.25 G PEAK SIHUSOIDALY 2KD
~HERMAL OPERATING LIFE TEST (TOTAL OF 3000 CYCLES FRCM -410 TQ +220 BEa
F AT QPERATING PRESSURE)Y.

ACCEPTANCE TEST VERIFIES FUNCTIONAL GPERATION OF MAGHETIC LATCHES, w0
CRCESSIVE INTERNAL OR EXTERNAL LEAKAGE AND THAT PRESIURE ORAP [5 WITHIY
LIMITS. VALVE IS VERIFIED CLFANED TO LEVEL 200 BY RARTICLE LOUNT,
VALYE [S FURTHER VERIFIED OURING PANEL MOOULAR ASSEMBLY AND SUBSYSTEM
~HECKDUT.

UMR3D: JALVE OPERATION VERIFTED DURING TURNAROUND CHECKOUT AND CURING
TIRMINAL COUNT.

@ (C) [NSPECYION:
RECETYENG INSPECTION
MATER[AL AND PROCESS CERTIFICATION DOCUMENTS ARE REVIIWED FOR
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FAILURE MODES EFFECTS AMALYSIS (FMEA)} -- CRITICAL FA[LURE HOOE
NUMBEHR: M4.18G-1y045-01

TIWPLIANCE WITh PROGRAM RECUIREMENTS.

CIRTAMINATION COWTRCL .
ALL CE7AL PARTS ARE ZLFARED PER ROCKWELL APPROVED SUPPLIER AROCENURES.
ALL CETA{L RaRT3 2MD SLBASSEMELIES ARE wISUALLY [MSPECTED FOR EYTDENCE
CF CONTAMINATION AT 40X MAGNIFICATION, ALL CRES DITAILS ARE PASSIVATED
vQ PREVENT CORROSIOM. TRE VALVE IS VERIFIED CLZAMED TO LEVEL 200.

ASSEMBLY /INSTALLATION '

ALL DETA[L PARTS ARE INSPECTED UNDER 20 MAGMIFICATIIN FIR SURFACE
-IN[EH ZURRS AND DAMAGE. THREAD LUBRICATION, TORTUING AND LICKWIRE 13
WISTEIZ] 2Y QC. COCLMENTATION IS REVIEWED TO YERIFY REC0RIING oF SriiM
AND GAP OIMENSIONS USED TO QBTAIN AND MEASURE ARMATURE STROKF.

CAITICAL PROCESSES

THE GCLD PLATING PROCESS IS WITNESSED AND THE PLATED ARMATURE IS
YISUALLY INSPECTED UNDER MAGNIFICATION FCR PLATING OEFECTS. VALYE SEAT
WELOS ARE LEAK CHECKED UNDER FULL PROOF PRESSURE ANO Y I[SUALLY [NSPECTED
UNDER 20¢ MASMIFICATION, ELECTRON BEAM WELD PROCESS [S YERIFIZY gy
SECTICNING 4 SAHMPLE VALVE SEAT TO DETERMINE WELD INTESRITY (20K
MAGNIFICATION [NSPECTIZNY.

TESTING

. ALL SPRINGS ARE LOAD TESTED AT DETAIL LEVEL AND ARE 97 TRACEABLE,
LATCH FOACES ARE CALIBRATED AND VERIFIFD 3Y INSPECTION DURING FLNAL
ACCIPTANCE OF THE MAGNETTC LATCH. INTERNAL LEAKAGE IS VERIFIED LESS
TEAN 18 SIIM QURING vALVE ACCEPTANCE TESTING,

HANDLING/PACKAGING
HANDLING, PALKAGING, STORAGE AND SHIPPING PROVISIONS ARE VER-FTED -
INSPECTIZN,

a (D) FAILURE HISTORY:
CAR Y0, A3634-010 DOWMEY, VALVE PANEL ATP
AN 02 BIDIRECTIOKAL MANIFOLD SHUTOFF VALVE EXHIBITED INTERMAL LEAKAGE
JURING DOWNEY 02 PANEL ACCEPTANCE TISTING. THE OUT OF SPECTFICATION
LEAKAGE WAS ATTRIBUTED TO EXCESS PORGSITY OF THE BALL {POPPET) MATERIAL.
CORRECTIVE ACTION INCLUDED CORRECTION OF THE BALL'S MANUFACTURING
PROCESSES TQ ELIMINATE THE EXCESS POROSITY.

LAR NO, ABEI5-010 SUPPLIER, ATP

AN HZ BIDI[RECTIONAL WANIFOLD SHUTGFF VALVE FAILED ITS INSULATION
RESISTANCE TEST. AN ANALYSIS DETERMIMED THE CAUSE TU BE SURNED
LEADWIRES WHICH QCCURRED DURING WELDING OF THE UNIT'S CLOSEOQUT PLUG.

THE WIRES WERE IM CONTACT WITH THE VALVE'S QUTER COVER QURING THE
ATLDING PR0CESS QUE TO THE LEADWIRES BEING EXCESSIVELY LONG,

CORRECTIVE ACTION [NCLUDED INCORPORATION OF AN INSPECTICN STATION O THE
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FAZE: 3§ | : PRINT DATE: 040182

FAILURE MOCES EFFECTS AMALYS[S (FMEAY -— CRITICAL FATLURE MeCRE
NUMBER: M4a-1BG-LvD4a5-01

TOCPERATICN ASIEMBLY SHEETS Tp REGUIRE INSPECTION OF THE LEADWIRE LENGTH
FRLOR 7D INSTALLATION OF THE CINRECTOR,

CiR ND. ACTO7A-D10 DOWNEY, VALVE PANEL ATP

SC7I26-010 DIMNEY, ¢ALVE PANEL ATP
i3 e AN AN D2 SIDIRECTIONAL MANIFOLD SHUTOFF VALVE FATLED To TRamsFea
70 THE CLOSED POSITION DURING DOWMEY PANEL ACTEPTANCE TESTING.
SYSPELTION 3EVEALED CORROSION AND FLAKING OF THE GOLD PLATING N 30TH
IALVES ARMATURES. FAILURE OF THE VALVES TD TRANSFER WAS ATTRIGUTED =0

cAS ALATING PROBLEM, MLP EVALUATION IND{CATED THE PLATING PROBLEM TO &E

TILCAL DF POOR PLATING PREPARATION YECHNIQUES. THE ARMATURE PLATING
FRCBLIM WAS {SOLATID T3 TW0 OF THRES PLATING MANUFACTURERS WITH PARTS

FLATED JETWETN L3801 AND 1533,

LGRRECTIYE ACTION INCLUDED: THE RETURN OF ALL VALVES IDENTIFIZD TO Mave
SUSPECT PLATING FUR ARMATURE INSPECTION AND REPLACEMENT &S REQUIRED, AND

RETURM O UNITS ALREADY INSTALLED WITHIN 5 YEARS OF (TS PLATING DATE.
A ADDITION, IMPROVED CONTRCLS OVER PROCESSING AND INSPECTION OF
ARMATURES AND VALVES AT THE VALVE MANUFACTURER WERE [MPOSZD. Stz Mce
L1065 FOR ADDITICNAL DETAIL.

AR MO, ADOSCO-010 DOWNEY, VALVE PANEL ATP

A 02 BICIRECTIONAL MANIFOLD SHUTOFF VALVE FAILED TO TRANSFER CLASED AT
THC_REQUIRED IKPUT VOLTAGE (18 VOLTS) DURING DCWNEY 2ANEL ACCEPTANCE
JESTING. CNCE THE VALVE CLOSED AT A MIGHER THAN NORMAL INPUT VeiTagk
(2.2 VOLTS), THE VALVE OPERATED SATISFACTORILY WITH FURTHER CYELING,
[ASPECTION WITHIN THE VALVE FAILED TO REVEAL ENY 0[SCREPANEIES.

THE PROBLEM WAS CLOSED WITH THE FOLLOWING RATIONALE: THI5 IS THE FIRST
REPORTED INSTANCE OF A BIDIRECTIONAL VALVE FAILING 0 CLOSE WHOSE CAUSE
COULD NOT BE IDENTIFIED. THERE HAS BEEN TWO OTHER BIOTRECTIONAL VALV
TAILURES WHICH FAILED TO CLOSE BUT THE CAUSE WAS ATTRIBUTZD 70 FLAKING
2F HE APMATLRE'S GOLD PLATING. THE PLATING QN THE FAILED VALVE'S
RMATURE APPEARED SATISFACTORY. 1IN AODITION, THE YEHICLE'S INPUT
VOLTAGE 1S ROUGHLY Z8 VOC WHICH WOULD HAVE GFEN MORE THAN ADEQUATE T0
CLOSE THE SUSPEET YALYE.

BIDTRECTIZNAL SHUT OFF WALYES ARE USED QN THE 02 &H2 MANTFOLDS WHICH ARE

LEFT JPEN THROUGHOUT A FLIGHT AND WOULD HOT BE CLOSED UNLESS REQUIRED

JUE TO A SYSTEM FAILURE. THESE VALVES ARE ALSO USED FOR THE Q2 & H2 GAS

SUPPLY YALVES WHICH ARE VERIFIED TO BE CLOSED PRIOR TQ LAUNCH

CAR NO. AD3I99-010 SUPPLIER, RECEIVING [NSPECTION
AD3437-010 SUPPLIER, RECEIVING INSPECTION
ADD923-010 K3C, GV-102, SRQUND CHECK
THO #2 BIRIRECTIONAL T.0 SHUTQFF VALVES CXHIBITED EXCESSIVE INTZAMAL

LEAKAGE 4T THE SUPPLIER. OWE VALVE HAQ BEEN REMOVED FROM 0v-104 AND CONE

RAD BEEN REMOVED FROM Qv-103, FOR INSPECTION OF THE GOLOD PLATIMG UM THE

VALYE'S ARMATURES. THE CAUSE OF LEAKAGE WAS IDENTIFIED IN BOTH CASES 79

3E A RESULT CF RADIAL CRACKS ON THE YALYE SEATS. CRACKS WERE FOUND AT
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FAILURE MODES EFFECTS AMALYSIS (FMEA) -- CRITICAL FATLURE MoOE
HUMBER: H4-12G-LV045-01

20Th THE UPPER AND LOWER WELDS.

AN Y2 AIDIRECTIONAL MANIFOLD SHUTOFF VALYE EXHIBITIO IHTEANAL LEAKAGE
CURING Ov-102 SYSTEM CHECKOUT. LEAKAGE WAS VERIFIEDR AT 175 SUFPLIER 4ND
[HSFECTION REVEALED AN IQENTATIGN ON TEE VALVE'S SEAT SEALING SURFACE.

A LEAK CHECK OF THE SEAT ALSD REVEALED A CIRCUMFERENTIAL CRACK ALCNG THE
SEAT WELD., AHALYSTS TDENMTIFIED RAGIAL CRACKS AT THE BOTTOM WELD SiMELAR
T3 THE vALYES REPORTED CH CARS AQ2199-010 AND AD3437-010. SUCH LFAKAGES
AR CMRSD SCREENABLE EYERY TURMNARDUKD BY & MANIFOLD -PRESSURE OFECAY TEST
(10 PSI/10 MIN REPRESENTING 1B SCCM ALLOWABLE LEAKAGE}. -

a (E} QPERATIONAL USE:

RO CREW ACTICN AFTER FIPST FAILURI. AFTER SECONOD FAILURE CREW W{LL
ATTEMPT [SOLATICN OF LEAK TO MANIFOLD 2 Y CLOSING -[TS MANIFOLD YALYE,

A ol ke e e e ey N AN NN NN NN AN N A kol kol o R Al W W W Wl ol o el ol ke ol vl o e e

- AFFROVALS -
RELIABILITY EMGINEERING: M. 0. WEST -y LD M)?bgd?ﬁéf*
JESIGN ENGIMEZRING M. M. SCHEIERN  : =R or. ”
GUALETY MAMAGER : 0. J. BUTTNER @ e
HASA RELIABILITY : : S R e 2
NASA SUBSYSTEM MAMAGER : . D armee =/ FIRR
: s ek

NASA QUALITY ASSURANCE :
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